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Title Synthesis Thermoelectric Material CuFeMO, (M = Ca, Mg) delafossite

compounds by solid state reaction method

Students Miss PimpornThaetkaw
Mr.PiriyaToin
Degree Bachelor of Science
Program Physics
Academic Year 2013
Advisor Dr. ChestaRattanapun
ABSTACT

This special project aims to synthesisCuFeO,Delafossite-compound-type thermoelectric
materials doped with Ca and Mg 0.01, 0.03, 0.05 and 0.1 by solid state reaction method. The analysis
of crystal structure by X-ray diffraction principle found that the compounds of structural delafossite is
CuFe, Ca O, and CuFe, Mg O,at x = 0.01 and 0.03 This compound was brought to study the
properties of thermoelectric found that for the sample CuFe,_Ca O,, Seebeck coefficient equals to
283.1 pV/K for x = 0.03 at 559.9 K temperature, resistivity minimum is 9.71x10" ohm m at
temperature 761 K for x = 0.00, power factor equals to 8.017x 10° W/m K’ at x = 0.00 temperature
761 K for effectiveness of converting heat into electrical energy of the material up to x = 0.00 at 761
K and for the sample CuFe, Mg O,secbeck coefficient equals to 281.9 uV/K for x = 0.01 at 659.8 K
temperature, resistivity minimum is 9.71 x10™ ohm m at temperature 761 K for x = 0.00, power factor
equals t09.726x 10° W/m K'at x = 0.01temperature 659.8 K, and performance converting heat into
electrical energy of the material is the maximum x = 0.01 at 761 K. There for the samples in this
research that is appropriate for further study of building thermoelectric devices is CuFe, Ca O,at x

=0.00 and CuFe, Mg O,atx =0.01.

Keywords: thermoelectric; Seebeck coefficient; Resistivity; Power factor
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2.9 HANMIVRANTVIUANZHANTANIINMUZOU (Thermogravimetric Analyzer

: TGA)
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2.10 ﬂé’ﬂmiﬁnmmmm%a ZEM-3 (Seebeck Coefficient / Electric Resistance

Measuring System)
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3.4.3 19399 ZEM-3 (Seebeck Coefficient / Electric Resistance Measuring System)
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General Comments: D-values calculated using cell parameter
reported in reference. Sample Preparation: Prapared by solid-
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PDF#821691(CaO)

4 PDF # 821691, Wavelength = 1.54060 (A)
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82-1691 Quality: C

CAS Number:

Molecular Weight: 56.08
Volume[CD]: 110.36
Dx: 3.375 Dm:

CalO

Calcium Oxide

Ref: Calculated from ICSD using POWD-12++, (1937)

Ref: Huang. O et al., Physica C: Superconductivity, 227, 1(1394]
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PDF#897746 (MgO)
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MANUIN V.

a4 g
UNAITUNINYIUD
- ChestaRuttanapun, AreeWichainchi, WutthisakPrachamon, AnuchaYangthaisong,
AnekCharoenphakdee and TosawatSeetawan, “Thermoelctric properties of Cu, Pt O, (0 <x

<0.05)delafossite-type transition oxide”,Journal of Alloys and Compounds, 509 (2011), pp. 4588-

4594.



-Thermoelctric properties of Cu Pt O, (0=x<0.05)delafossite-type transition oxide,
ChestaRuttanapun, AreeWichainchi, WutthisakPrachamon, AnuchaYangthaisong,

AnekCharoenphakdee and TosawatSeetawan,

Journal of Alloys and Compounds,

509 (2011), pp. 4588-4594.
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Thermoelectric properties of Cuy _yPt.Fe0; (0.0 < x < 0.05) delafossite-type
transition oxide

Chesta Rurtanapun®*, Aree Wichainchai?, Wutthisak Prachamon®, Anucha Yangthaisong®,
Anek Charcenphakdee*, Tosawat Seetawan®
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ARTICLE INFO ABSTRACT

The samples of Lo, PLEO, (02 v - 005 dedalossite were synthesized by wolid date reaction method
fur studying thermoelectrie propesties. The propertes of Seebeck coefficient. flecrcal conductivity and
(hermal conduetivity were measured (o the high temperature ranging foom 100 te 960K The nesults of
Seebeck coefMaent, elecincal condurtivity and power factor were inapdsed with increasing P sabst-
tuiron and ternperatuie. The thermal canductivity Was decoeased from 55 to 3.5 W/ mE with increasing
the temperature from 300 to 960K, An impurtant resules, the highest value of power lactoe and IT 45
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1. litreduction

Taday. thermoelectric materials | 1- 3] have been displayed thesr
potenixal as altemative soucces of energy. The thermoelectric effect
refers to a phenomenon whereby a gradseat of temperature 1s con-
vertedd direcely into elecriicab current and vise versa, Furthermaore,
thermoelectne gencrators can bre used to canverting waste heat ro
produced by vanous sources to electncal power. The reverse effect
cant be practiced sn thermoelectne coolers of cefngeratarsand other
coahng systems These conversion mechamsms have advantages
ol nol hawving moving parts. The pedormance of the thecmoelec
tric matenal is determined by the dimensioniess fgure of merit,
TSk, where Tis the absolute temperatuee, 5 s the Seebeck
eoefficient. « and « are the electrical and thermal conductivity.
respectively [3-5]. Idealty, the 2T value approaches its optimum
value when o and § are maximum, and « is as small as possible. As
e egqualinn suggests, the efficlency incoeases ar fugh temperature

Conventional thetmoslectnic materlals such as PhTe and Bi; Tey
show high valees of ZT; however, thiey easily decompose, axidize oo

T COTEADOIRNT dichipd TRL - »fl 232k 4559 S3K2K5%A, 13n +6b 2320 4413
Famallalbliess 4 tesTa r rTara puhdyginat con (€ Ruttanapun |

VAR ERRT ~ st oot aiatter © 2011 Fsrver BV AL nghvd resecsd
dor (DR s om DT 11

20« H* Wk and D05 resprectively, for x= 0405 s 9ot K

© 2001 Flervier RV AN rights reserved.

miedl at high temperatures i alr (61 I face heavy metals in Bi-Te
anid Ph-Te are costly amd wanic |5]) This may vesalt in 3 limited
wee in practical applicationg of thermoelectoe pawer generation
Hence, the development of axide matersals with tath hegh petfor-
manceand environmentally stabile at high temiperature o crucial fos
practical applications Recently, thermaslectiie properties of oxide
marerials have been shown conversion efficency close o (hat of
conventional semimetalbic matenials. Por example. thenmoelectric
voitage and direct current conductivity of rransston-metal oxides
such as N MaCo, 0, and CayCoyOg have been reported tobe large
at high temperatiure conditions |5-8) In addibon, Cufed; com-
pound with delafossite structuce has been reported to exhiblt a
Targe vatue of § 544 VK] and FE044 « 10° WimK? ) [9).
Delafassite compounds are classified (0 agroup of termary axides
whase chemical formuba s AR 00 1101 1] Its stoacture is formed
Iry alternative stacking layers of G-A-0 dumbbell and B0, edge-
shared ocrahedral afong with the r-axis. The A® cation is linearly
connection with O anion i c-axis, The (B0, actabedral-shaped
are fonned by ciarong of edge B0y, The wivident B lons occupy
i the mdddie of the ortahedial block The delafossite crystal bhas 4
wre cell sticrure af bexagonal (space gooup. K3m) and a priog-
five stout ture of chombobedial, The A-site catons are composed of
i, Ag, P, o Br transition-metal ions mantained m.a monovalent
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Fag. 1. The Ufet), detafassce situctse and o0 chosmbohedrad goemitws ool gt

stale. The properties of defafossite are strongly dependent on wiich
types of A-site catioas being wsed. Cu” and Ag™ (d'Y mos) cations
areresparsible fop semiconducnng behaviors, while P and pd* (d*
mos | canons give ree to etecrncal conductivity. The B-site cations
minatly consest of travalent transition metals (Cr, Mn, Fe, Co, N, Ru),
grosep I metal elements (S, Lay graup 13 metal ehements (AL Ga,
In, T4}, or rare earths (Pr. Nd, Sm, Eul. These are many compoumis
iri a delafossite growp sucty as CuFeQ,, CuCod:, PACoO,; amd PLCod,
[10=12} The delafossite structure and rhombohedral primitive celt
structyre il CuFed; are shawnin Fig. 1. The Cu-based and Ag-based
delafnssite such as CufeQ; or ApCoD; cearly display semiconduct-
ing behavior [11.13], white the Md-based and Pt-based delalossite
such as PdColy or PICaD; are metallic conductors [11,12).

Maoreover, many studees have repoited thar CuFedy detafos-
st Isds a4 Z7 walue appooiatately 004 st 960 K [14]. Other studies
repart that the ZT value of CeFeD; was inpraved by doping 1riva.
lert arud divalent metal such as 5. Mg Co aned Ty [ 14-16] However,
upon dogang the ZT was inceased by less than 005 at S60K,
Recently, many studies have report that the Ag ¢ations can be
doped 1nto the Cu-based delatossite such as Cuy . A RHO; 1171,
Cuy AL Ur0; [18], and Cuy- AgAID; |19, causing the ZT value
1o improve stightly. To the best of our knowledge; however, there
has been no repart conceming the tmprovement of the 27 value by
substituting Pt catsons into Cu-base delafossite

This paper aims to unprove the 2T of Cukel), delalossite by Pt
subistifution using sohd state ieactian method. The effect of parial
substitution of Pt into the CuFe®; an the thermpelectric propertics
has been investigated, Fimally, the X-ray diffraction (XRO ) the See-
beck coetficient. electuical and thermal conductivity, paower lactor
and the T value are discussed. The theemoelectoic propertics of tie
Luy B Fe0); detafassite by partal substitution of Py mto CuFe,
iy content of ¢ for 0.0 <x <0.05 using solid state reaction method
e (epred

3 Expeeimenial
Audk wpercuneig of penrvitallioeg Ta,. P Fe0, with 0 - x o« D045 wire syt

w1y A s comera il et solid-sTare ieartioe |52 1] A condimg 4o vhe folliming
Cijuargn

A= OAF - D o ke e 2000 Py, Fely - BCL o TEZ2I,

Stmchwauneiric amounts of high-punts powders Cud (Mark, SEOHS) Fey 0,
(Sigma-Aldees Ine, TS and PICT, (Sgrd-Aldneh, [ne. BEX) weve sufficiently
e t] and GO 1 AT AZALE TR AT KO sl e BOmngrnesy A ooy mix-
Tuor was obtained and cool goessed oo peliets of 12 our diameter with 23 mm
thithness The eeviling pedety werr vinfered Uy petforiing on the @uting hast
o tnace at 1050 C uader ais atrosplere fo 15«25 After Il Dreateenl, O
Sarmpies were vapedly quenced o rmnn temperatuee The heaed pellets weee
repratedty subjected to groamting, pelien ana Mg peocriurey for seseral Taes
ungil itwe poce phate of sampies wak oblennsd

Thar sinygle phase of samples was caractented by the powder X-ray diffysction
XIS, o FRILIPS neced. X Pert MIPD usirg Cu Ko rodiation with 281080 with
D1 steps The Latior paramster was determaned by the Rietveld refinement poo-
gram. K Pese High Sooce Plus VI Dz Micostructures of the wampley were observed by
SEANINAE SO0 ek rascope | SEM ) using ihe [EOL model JSM-5410. The idecorm-
(MO0 ABATYSES of thee Samgies Wk aoalyTed N thenmagrasnmeniometived (TG
Iy Uhe Pyt Daisoend TGTITG (Perbin Flaser Snammament Juncer air Jimasphere. The
ehrcirical condue (ongy and Sevlock Gue Mo were simitanepusty msisared on
e & 2w 2 Riven o X iaregile bt auag tie EVACRIKG ZEM-2 thermine
ESECIAE [T lEANUDETETIL AySTRIE (IROFT 4 kow-gu i AT atmophiene. The
et candicsiyiny was determsed foow therial Tusivicy snd spealic hicas on
pretiets al U3 mim dosmeber wath ttue kness of 1€ v by waesg fe UIVAC SN RIKC
Inc, madet TC-7000 taser -t metnnd under My abmimphere The Hall coeffigient
s EnEnts were prefonined os he sampte bar of 1 om « 3 crs s .25 om b ading
(e Erogris Hall iescavurvement system model NS S0 with figh magnetic Hedd
atrengul 1 07T 4t team teTnpershare

3. Results and discussion
31 Marerin) characrerizenon

Fig 2 demanstrates the XRO patteins for samples of Cufed;
and the Cuy P Fedy for x= 001, 003 and 005, respectively, The
XRD peaks of the CuFed; exhibnl crystal phase of delafossite-type
structute for space group KR3m corvespanding to the standard [CS0-
D1-075-L 146 file [220 and an impurty phase of Cud related to the
standard 1CS0, 01-089-5897 file | 22] The others, the XRD patterns
of x= 0,01, (0107 and 0.05 display all peaks wath relation to the peak
of CuFeCh,

The lartice spacing parametess of CuPed, and Cuy.  PLFe0; for
=001, 0.03 and D05 are shown in Fig 3, The lattice constant of
Cuy. ML Fe0y camples depends on the Pt in cantent of the x. The
lattice distance of Cufe(; for the o-axis and the ¢-2ds are sbtained
and confirmad with the finding of previons works as given 30334 A
and 171598 A respectively, which agrees with the standard file of
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TR0, campies wab P con-

ICSO: D1-075-2146|22.23] o adaition, the Cuy X, Fedy samples,
the c-axis rapidly imorease withinereasing PLcontent of x, whike the
a-anis length stilt remaing unchanged with increasing the x conlent.
The effect of the c-axis increases witle Mcontent of © due fa par-
rial substitution of large son Pt (060A) [24] inte Cu'* (BAGA)
sire.

The morphology of iy rvceostructure of Cuy_ P4LFeO; Tor
n=0.0,0.01,00% and 0.05 samples were observed by SEM as shown
in Fig. 4. The muctostructuce of all samples shaws the grant crystal
grand swee (>6 ) indicating e conplete reaction 1n sintenng
Process.

The decomposition of Cube0; sample is dearty venfied by ther-
mogravimetns method (Y6 weighting boss as shown in Fig S
According to the dettive cange of medsurement under the aimo-
sphere. the st peak [ 365 K) 15 shown the elfect of humidity and
the secand peal (495 K oxygen is inverted approvimately (05%
into Cu layers [25-27 | The thyed weaglt! 105 4l 556 K is ongisated
due to oxygen excess 195 also interesting o pomt oul that the end
of the oxygen webght 10ss 15 10 bemperarure at 980 K. 1ts rotal weghr
loss is approximately 0.9% which s equivalent to the oxygen con-
tent of 0.14 atoms per unit farmula as indicated & of the chermical
formatla CuFeO;. .- An abrupt weight loss is observed at the tem-
perature beyond 1365 K, induwcanng the melting pont of the CaFe),
sample.
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12, Thermovlectric properties

Fig, 609 shoiws the Seebeck coelficsrnt ($) of Cuy _, P Fe0,) sam-
ples as a function of temperature o the range between 300 and
SGOK. The resulis show that the Seebeck cocfficients are positive
sign aver the measured temperature range for all samples, and they
remain positive upan substitution. These results indicate that the
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Cuy (P Fetd, samples with Ptsuhstitution show p-type conduction
of the thermoelecme matenals. Moreover, the Secbeck coeficient
of Cuy ,PrLFe0; samples tends to incicase with increasing tem-
perature. However, the values of Sexbeck coefficient decrease as a
rESUlt of increased the P content of x The Seebeck coefficient at
IO0K is 261, 249, 242 and 240 pV/K for content of k=0, 0.01, 0.03
and (05, respectively. The average value of the Seebeck coeflicient
of samples increases from 250 1o 290 pVIK when the temperature
increases The maxisum value ol S at a high temperature (at 960 K)
15 200 wVIK. This operating point mught be suitable for high tem-
perature thermoelectric devices. In addition, the results show that
the Seebeck coefficient of Cuy M. Fe0; samples is dependent on
rernperarure and it decreases as a resubn of subsotwthon of x content.

Accarding to Fug 6(a ), the lowest value ar 300 K for the Seebeck
voefficlent of Cu, _ PryFe0 sample for x =005 is 240 pV/K which
approxinarely reduces 8% companng with the Cufed; sample
(261 ViKY The maxtimuen value of the reduced Seebeck coeffi-
aent of Cuy., PrFe0; samples (8% )« fess than the reduced value of
CuFe,  Ni; 0y (26%] [ 14] and CuFe,,2n,Ox (435 [ 28], at temper-
ature J00 K, This result implies thae B substitution in Cu*! site of
Cufe0; delafossite has fewer effects on the Seebeck value than the
doped impunity of tvakent (such as NI Zn) in Fe? site of CuFeOy.

In applying p-type semicanductor, the relation of the See-
beck coefficient i given by S=(kyje[(Ey - £ 1/keT] [28], where Ly
15 the Holtzmann's constanc, ¢ is elecironic charge constant, E,
15 the enesgy of the valance-band edge. Fr is the Fermi enevgy
lewed and T 15 the abrolute remperanie The acrivation energy for
the production of free carriert Eo= (B F,) s obtained by plot-
ting thee 5 va, 1000/T as shown i the Fig. s(b). The average of E
watue for all Cuy . PLFe0; (0« 3 < 005) samples is 22.5meV. The
resull s shightly higher tham the thermal energy at room temgser-
ature (kg Ty = 25 eV ) Consequently, this value mdicates that
Cuy oy P Fely (0« x« 005 ) samples arc good seoiconductor mate-
rials which are shallow acceptor doping fevel for thermoefectric
devices because the charge carmers are ionized near the room tem-
perature lor conduction mechantsm

The electrical conductivicy (o) of Cu,_ PtFedy, samples as a
function of temperature 0 the range of 300-960K I8 shown in
Fig 7a). The electuical canductivity af all savaples is rapidly raised
atong wWith [he ingeeasing (emperaiure and (he increasing ¥ con-
tent of Pt substitution The values af a ar 300K for cantent of x=0,
001, 0.0% and 005 are 3.5, 5.0, RO and 1 1.0S/con, respectively.
For the sample of x=005% at room temperature. the o (11.05/cm)
value is approkimate four times larger than thar of the CuFe; sam-
ple (3.5 8/cm). For a high temperatuse at 960 K. the values ofo are
125, 165, 149 and 2357em far x= 00, 0,01, 0.03 and 0.05 vespec-
tively. The maximum value of the o 5 235cm for x«0.05 at a
temperature of 960K which paints out that CuFeQ; substitution
by the PLs switable to use at high temperature for thermoelectne
power devices, Fig. 7(h) shows the Arrhendus plot of Cu,y P FeO;
(0= x = 005) samples plotred by logo vs. 1000/ in temperature
ranging from 300 to 960 K The Arrhenus plog corvesponds to tem-
perature depetudence in equation = = Aexpl -Eq [hgT) [29], where
kg 15 the Boltzmann's constant. B, 14 the activalion energy of con-
duction and A is 4 constant value. The dctivation energies (Ed] in
the Archenius plot, loge vs 1000(T are 49, 46, 33 and 28 meV
for samples with » content =G0, 001, 0.03 and 0.05, respectively.
These resuits show that the tendency of the activation energy (K. )
decreases with increased the » content as the brhavsor of seom-
conducting of transinon oxide. Fig. 7ic) shows the results of the
ACUVAton enegy redeces with ancreased Psubstituton of x con-
ten, These results exhibit that the £, tends to fall 1o xero s the
substitution of x content reduges ti 0015, wihen metaliic conduction
occurs. Fig. 7{d) shows the plot of Mott's model for Citg..PtaFed;
(0« x <005) samples with plotting temperaiure dependence in
equation o =Bexp| (T, 4] [20] where #® and Ty are constam
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value The zero shope aof the Bort fouwat fon implies the termperatine
independence of conduction which exinbity mefaltic behavior. The
plotted results of loge vs. 1T in Frg. 7(d) display that x« 005
which 15 close to 2ero slope. This confirms char Cuy Pl Fely sam-
ple forx»0.05 15 a pood semiconductor. In addition, the lincar slope
oflogews |1 in Fig, 7/ d suggests that a vanable-range-hopping
mrechanmism s reasonable for all samples of Cu, , PFe0; delafos-
sie

Accarding to Fig 7, the smaedmam conductivity valee at 300K s
11 5fcm for =005 of Cuy _ PLFeD, sample, approximately 4 times
higher thao the CuFe0y wample (35/om ) 1 iy inferesting (o point
oul that the highest conductnvity {11 5/cm) of the Cuwy.. Pt Fety
(x=005) sarnples at B0 K is clearly higher than the highest value of
st delafossite compounds such as Cuy_  Ag, RhO; (55/cm) [17],
Cliy A AL, (25f0m) [ 19], and Cufey  Ni 0y (85/cm} [29). These
results anply that Pt'° substoution in the Cu*t site for CuFeQy
delafossete has lgher effects in elecinical conduction than Ag sub-
stitanon in the Cu™’ see and the doped unpurity of trivalent (sach
a8 Ni, Mn, To) isto Fe* site, The diffeience value of the electrical
conductivity and the activation enitgy of CuTel, samples between
belore and alter substituting PLamply that the difference trang-
part mechanisms in CuFeQ; and Cuy_ PraFe0; sarnples is 3 result
from the Pt substitution in the Cu-site. The p-type (hole) con-
ductsvity of the CuFelt, sample is dominated by d-orbital holes
i Cu® [ 3dadsy | with elecine charge compensation of Cu?* (3da)
For Cuy,.,MaFe0) samples, the number of hole carmers increases
due to 1omzed charge from the d-ovtueal of f° (5dpfis; ). In sum-
wary, e increase eleceocal condudtivity by the Pt sebseitution
in Cuy P, Fethy samples s enbanced because the increased hole
carners ane itroduoed 1o the Cu-site.

Fram the equation of electrical conductivity, the relation
15 given by oseNu where ¢ s the camier charge, N is the
carner concenttabion. amit g s the mobility for carners, For
the electronic transpost in semiconductors, the chatge carn-
ers must be excited from Bound charges (o free charges, and
then they are movesd by mobility mechanism. Conseguently, the
electrical conductivity of the semiconductors s expressed by
a=eNyexp| (€ ~ E ) ka T, expl-EyfkpT) [29L where Ny is the
effective density of stares of charge carmier, and py is the mobil-
ity constant. Thus, the pverall actwvation energy for conductor (B« )
i 4 cornbnation of two cormpoments as che relation E. £, « B, [29],
whvere E, 18 o actvation energy for carvier mobilicy. The value of
E, 18 obtained Trom the equation po=Dexge - Ey ThyT), where g is
the mobility of carvier and 115 a constant value. From the average
valoe of E, (27.5meVyamd (he valwe of F, (49, 46, 33 and 28 meV
for x=0.0, 0,01, 0.03 and 005, respectively . the values of E, of
Cuy - PleFeQ, sampley are 215 185 55 and 0L5meV for x= 0.0,
0.01, 0.03 and 005, respectively, witich are tess than ihe thermal
eaeTEy at room temperatuee (ky T < 25 meV), The small vatue of
E. implies that the temperature dependence for conductivity of the
Cuy Pt Fel; samplesie major effect from the activation energy for
carvier production. Therefore, these results confinm that the p-type
vonducrion of Cuy | PrFe0y delafossite 15 4 good semiconductor
because of (e wnezed fiee carmier ocourned ry activation energy
Aedr Cle rooem temperaiure and the moving free caniers using the
achivation eneigy uf mobiicy smaller than the thermal eoergy at
rooatt (emprerature

Formpasurempent of the Halledtectof Cuy . PryFedy (0 < x < 0.05)
samples at room tempesature, the resuits exhibil potype carmer
{ode) consistent with positive sign of Seebeck coeilicient in Fig. 6.
The hole carner concentrations which are catcutated from Hall con-
stant (Ry) by the refation Ry < 1ipe | 29] are 1,56 « 105, 386 « 10°5,
208« 10" and 404 - 103 cm ? for =000 000, 0.03 and (L0OS,
respectively as shown in Fig B, The concentrations of hole carries
are hedong oo high impunoy doping of temiconductar which s dif-
fewlt to Sod oul The resulits shan (hat the hile densities increase
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wnthuncicased Prsabstitution of » content The Hall mability (o ol
samples whichg estimated fromy the relation o =pejiy | 29) are 8.6,
AL A4S and | 8om? Ve for = 0.0, 001, 003 and D05, respectively
as shown an Fig 8 The value of Hall mobslity m the region from
1.8 1o Bbom® Vs implics that Cu,PrFe. samples not display
the behaviar of small polaron because the mabatity of the pataton
mechanism is lowess than 0.1 cme Vs [29).

Fig 9 shows the power factar (PF=a$?) of Cup.PtFeD.
(= x < DOS) samples calculated from the measured electrical con-
ductivity and Seeheck coelfficient 4 funcian ol rempeécature in the
range al W0-OR0K The power Tictor of all samples o increased
vath mcreasing temperatuce. The puwer factors at 300K for x=0,
001, 003 and 005 are estitgated 1o be 0.2 107 03,104,
05« 1074 and 07 « 10 YWimK?, respectively, The highest pawer
factors of Cuy Pty Fedly samples at 960K are 11« 1078, 15 < 405,
13 < 107% and 20 10 YWimKA for x=f, 0.01, D.03 and 0.05,
tespectively. The maximum power factor at room emperature is
0.7 = 1074 WimK? 41w =005, The Cuy . PlyFe0; sampie for x=0.05
shows highest valae of power factar reaching 2.0 » 10-YW/mg?
a1 Temperaiue 960K The PF wxlue of Cuy  Pr.Fed; sampte
fir =005 at SHOK divplays 2 times and 3 times highee than
the CuFe(; sample at SA0K and at 300K, respectively, More-
owre, Ihe Tughest PP value of the sample fog ¢ =005 at 960K
13 higher than those reported of CuFedy (PF=14 < 104 Wimk!)
| 28] CuFey (M1, Oy [PF= 18 « 10 *W/mitd 1] 15), and CuAl,_,Fe, 0,
(PF= 005 10 4 WimK?) [36)
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The {emperature dependence of thevmal conductivity on
Ty Py Fe0; (0« x< 005 samples 45 function of tempesature in
the range from J00 to GO K is shown in Fig. 10. The samples were
measured by using a laser Dash methpd with the retation of k « dCya
[31) where d, Cy and o are the density of sample, specific heat and
thiermal dilMusivity, respectively. The bulk density of Cay. PLFe0;
samples for x=1, WO, 003 and 0.05 are 522, 521, 5.20 and 5.19,
respectively, as exhibited in Table 1 The ratos of bulk density to
calrukation densiey of Cuy P Fe0; samples have ranging from 91
1006 The redules of thermal conductivity of Cu, . PryFe0; samples
decrease a8 & reanlt of increasing temperanire as shown i Fig 100
Taew walues of oy PrFedd; sampies lead to rioimal inctease with
nereased Prsubstitugon x cootent The s values of CuFed) sample
are in the tange loam 5.8 1o 35 W/imK with @ region of tempera-
ture I00-960K. For Cu, . P, Fedy sample for a=0,08, the « valug
w6 shightly higher about 1.8 tme than that value of CuFe0; sam-
ple. The minumum of & value (3.5W/mK] is in CuFed, sample at
high tempenature 96iK. The yield of thesmal conductivity exhibils
that Cuy - P Fedy samples decrease with increased temperature,
Therelore, the high vatue of 2 and 27 of Cuy_ Pt Fely samphes s
dominant o accur in high temperature because the x value still
Contalng muitms value i high temperature,

The total theomal conductivity (c! congasts af the two compo-
wents: the lartice | phanon ; companent aod electionic component
a5 in following the ceaction & =+ x, [ 31], wheee the k) and g, ane
the thermal conductiviry af phonon and the elecrvonie contribution,
respeatively. Fram the Wiedinann- Frang law [ 31] the x, i$ related
by &y = Lo T, where Ly is the Loreny factor (245 = 10-0 WKL T
5 the absoluie temperature, o o the electncal conductivity. From
thie highest o value {23 Siom) of Cuy _ PteFel); samples for x=5 a1
960K, the a. value is 3409 « 10 "WmK which s 1.545% of the
total & vatue This result indicates that the major effect of thermal
eonductivity ot Cuy Pt Fel; sampies is dominated by the phonon
miechansm part

Foi the lattice thermal canducovity (x;) The Umklapp scat-
tering cantribution in the phonon scattenng process |8 expressed
by g = 8T ) ¥ 7NF 70 20T U 132, wihere oy ks e Umikdapp
phonon thermal conductivity, 5 i the proportionality constant,

Tabsde ¥
Bulk densities of ihe Gxy . PLEE0, (0 -2 G041 samiples end Dhess rafsos (o the
theoretical densiry

v r‘l‘l" i e nna o
ity (gaom" 31 .21 5.4 (L]
Ratin: (4] W HE a2 LN
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T 15 the metling temperature. M s the average atomic mass, g
is the density, andd T is the speration temperature. The Umkiapp
relation implies that the «, value is proportion to invession of tem-
perature. From Fig 10 the thermal conductivity of Cuy Pt Fe);,
samples can pisg i lencion pf iaversion tempeyatiure as che reta-
b of & ws. TODOIT The curve can show the therma! conductiviry
of Cuy P Fed; samples lineay with T-' corresponding with the
Urnkelapgr relation Thas result iadicates that the magnar ellect of ter
mal conducrsvicy of Cay M FeO) samples is controlied by phanon
mechamsm with confishation by the Umkiapp scattenng From
the Umklapp relaton, the sunimum of thermal conductivity for
Cuy . Pty Fed; sasuplesis ocovrred by ogreratsng i bigh temperacure
near melting poiont {1 365K) temperature

The temperature dependence of 27 for Cuy.  PLFeL samples
i temperatuee cangag from 300 1 BGOK s extubited m Fye L1
The ZT values sre alse caloulated Mom 2 valve and temperature.
The resulls show that the JT of Cu, ,PFel, samples rapidily 1
raised With incredsing the tempecarure Inadditioe, the 27 values pf
Cuy L P Fe0y samples are increased with incieased PLsubstitution
of w content. The masimam 2T values of Cuy _ PLFeD; samples are
O3 0038, 0044 aod 005 For =0, 001, 0,03 and 0,05, respectively,
At 960K, Dbwisusly, the Cu, Prbelizsample of x =005 exhibity
the tughest value of 2T («005], at 950K This value s lugher than
those reported of CuFeCl, (27«0 0251 | 28], Cudl0, (ZT=0.004) [ 19].
iy AZ A, (Z) = 0016] [ 0], &nd Cuke, NI, By (2T =0.045] [ 14]

4 Conclusions

Fhe objective of this study was to improve 77 value of CuFe0,
delafossite by PLsubsutution in cottent of x=<0.0, 0.01, G063, 005
e sampies were prepared by the canventional selid stase reac-
ton miethodd The vesules of this study shaw that CuFeQ, sample i
decompused af remperature over 1365 K. The praperties of Seebedk
coetficient. electical conducoivity and thermal conductivity were
measared and discussed s the high tomperature tangang from 300
1o 9GO K, The Seebeck coefBoent of all Cuw, P Fely samples ngt
eily dispiay the p-1ype senucenducton. but alse show the Seebeck
coeflicient at IDOK o 261, 149, 242 and 240,V K Tor x =1, 001
33 and 0.0%, respectively. 1L as also to point out that the average
Seebeck corfTicient in high wmperature (31 960K} &5 in the arder
2900wV In addition, the roarm temperature of the electrical con-
ductivity mcreases from 3 5 to 11 5/cm with increased Pt content
of x The highest clectncal conductivity 15 23 57cm for v =005 gt
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Gu0 K. Furthermone, the lughest power factan iz 2.0 « 1074 WimK?2
for x=0.05 at 960K. The thermal conductivity of Cufed; sam-
ple decreases from 5.6 1o 3.5 WimK with increasing (emperature.
The minimum thermal conductivity 1s 3.5 WimK of CuFe0; sample
al SBU K. Mast intevestingly, the highest 2T (s 005 for x« (.05 at
G0 K. These resaits suggest that the effect of small Psubstitucion
Inte CuFely improves the thermoelecteic properties aod enhances
the good semiconductor behavior Bn sumnmary, the preseat work
demonstrates thal CuFeQ; substitured by ™ has been given an
enhanced perfermance on teempelectoh mterial I8 wilh be inter-
esfing 1o see that Cuy  Prebelh dedatossste matenial i the future
can be snvensted the thermaclectne devier for covering heat loses
At tugh temperature
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